We are considering the production of charged spin-two gauge bosons in the gluon-gluon scattering and calculating polarized cross sections for each set of helicity orientations of initial and final particles. The angular dependence of this cross section is being compared with the gluon-gluon scattering cross section in QCD .
Introduction
An infinite tower of massive particles of high spin naturally appears in the spectrum of different string field theories. It is generally expected that in the tensionless limit or, what is equivalent, at high energy and fixed angle scattering the string spectrum becomes effectively massless [1, 2, 3, 4, 5, 6] . In the open string theory with Chan-Paton charges these massless states can combine into the infinite tower of non-Abelian tensor gauge fields [7] and one could guess that the corresponding Lagrangian quantum field theory should be described by some kind of extension of the Yang-Mills theory.
A possible extension of Yang-Mills theory which includes non-Abelian tensor gauge fileds was suggested recently in [10, 11, 12] . The non-Abelian gauge fields are defined as rank-(s+1) tensor gauge fields A a µλ 1 ...λs * . The gauge invariant Lagrangian describing tensor gauge bosons of all ranks has the form [10, 11, 12] 
where L 1 is the Yang-Mills Lagrangian and L s (s = 2, 3, ..) are Lagrangian forms invariant with respect to the extended gauge transformations [10, 11, 12] . The Lagrangian L defines cubic and quartic self-interactions of charged gauge quanta carrying spin larger than one.
For the lower-rank tensor gauge fields the Lagrangian has the following form [10, 11, 12] : The definition of the Lagrangian forms L s for higher-rank fields can be found in the previous publications [10, 11, 12] . The above expressions define interacting gauge field theory with infinite many gauge fields. Not much is known about physical properties of such gauge field theories and in the present paper we shall focus our attention on the lower-rank tensor gauge field A a µλ , which describes in this theory charged gauge bosons of spin two. We are interested in studying the first nontrivial interaction processes. In particular, we shall consider production of charged spin-two gauge bosons by a pair of vector gauge bosons.
Our intention in this article is to calculate the leading-order differential cross section of spin-two tensor gauge boson production by a pair of vector gauge bosons in the process V + V → T + T and to analyze the angular dependence of the polarized cross sections for each set of helicity orientations of initial and final particles. The process is illustrated in 
The second-rank tensor gauge field A αά with 16 components describes in this theory three physical transversal polarizations [10, 11, 12] . The kinetic operator of the tensor gauge bosons 
is a gauge invariant operator k α H αάγγ = 0, kάH αάγγ = 0. It describes the propagation of massless particles with helicities two and zero because the equation
has three independent solutions of the helicity two and zero. The propagator ∆
(k) = iη αλ ηάλ and has the following form:
where the residue can be represented as a sum of λ = ±2 and λ = 0 helicity states:
The standard Yang-Mills three-vector boson interaction vertex VVV in the momentum representation has the form
The interaction vertex of vector gauge boson V with two tensor gauge bosons T -the VTT vertex -has the form
where (65) and (66) in [12] .
The interaction vertex for vector gauge boson V and two tensor gauge bosons T the VTT vertex -V abc αάβγγ (k, p, q) in non-Abelian tensor gauge field theory [12] . Vector gauge bosons are conventionally drawn as thin wave lines, tensor gauge bosons are thick wave lines. The Lorentz indices αά and momentum k belong to the first tensor gauge boson, the γγ and momentum q belong to the second tensor gauge boson, and Lorentz index β and momentum p belong to the vector gauge boson.
The Lorentz indices αά and momentum k belong to the first tensor gauge boson, the γγ and momentum q belong to the second tensor gauge boson, and Lorentz index β and momentum p belong to the vector gauge boson. The vertex is shown in Fig.2 . Vector gauge bosons are conventionally drawn as thin wave lines, tensor gauge bosons are thick wave lines.
In the Lagrangian (2) we have the standard four vector boson interaction vertex VVVV
and a new interaction of two vector and two tensor gauge bosons -the VVTT vertex, (k, p, q, r) in non-Abelian tensor gauge field theory [12] . Vector gauge bosons are conventionally drawn as thin wave lines, tensor gauge bosons are thick wave lines. The Lorentz indices γγ and momentum q belong to the first tensor gauge boson, δδ and momentum r belong to the second tensor gauge boson, the index α and momentum k belong to the first vector gauge boson and Lorentz index β and momentum p belong to the second vector gauge boson.
In summary, we have the Yang-Mills vertex VVV (8), the new vertex VTT (9) together with the Yang-Mills vertex VVVV (11) and the new vertex VVTT (12) (see Fig.2,3 ).
Cross section and Matrix Elements
The scattering process is illustrated in Fig.4 . Working in the center-of-mass frame, we make the following assignments: k 
The invariant variables of the process are:
where s = (2E) 2 and θ is the scattering angle. It is convenient to write the differential cross section in the center-of-mass frame with tensor boson produced into the solid angle
where the final-state density is dΦ = 
for the second diagram Fig.6 the amplitude is
Figure 5: The t-channel diagram corresponding to the creation of tensor gauge bosons by vector bosons V + V → T + T .
for the third diagram Fig.7 it is iM ab,cd
and finally for the forth diagram Fig.8 we have
where e and e * ρρ ′ q 2 . The total amplitude is a sum of four terms:
Here we have been considering only the first nontrivial diagrams Fig.5-Fig.8 , but because the Lagrangian (1) contains also high-rank tensor gauge fields of increasing order one should include their contribution into the total amplitude as well. In the actual calculations we shall use the tensor propagator (6) with
which, as it appears, sums the diagrams with high-rank tensor fields in the intermediate
The total amplitude is gauge invariant, that is, if we take longitudinal wave ‡ The details will be given elsewhere. Our intention is to calculate the physical matrix elements in the helicity basis for initial vector and final tensor gauge bosons. This calculation of polarized cross sections is very similar to the gluon-gluon scattering in QCD [8, 9] . The right-and left-handed vector wave functions are:
where k 
It is easy to check that the wave functions (21) are orthonormal e * µα 
Helicity Amplitudes
Now we can calculate all sixteen matrix elements between states of definite helicities. The scattering amplitude (18) for any particular choice of helicities contains four terms. By plugging explicit expressions for propagators (4), (6), (19), vertices (8), (11), (9), (12) and helicity wave functions (20), (21) into the matrix elements (14), (15), (16) and (17) we can find their explicit form. For the t-channel amplitude (14), corresponding to the diagram Fig.5 , we shall get the following sequence of sixteen polarization amplitudes
f ace f bde (7 − 2 cos θ + cos 2θ)
For the u-channel diagram Fig.6 the amplitude (15) gives
Figure 8: The contact diagram for the process
For the s-channel diagram Fig.7 the polarization amplitudes (16) are
And finally for the contact diagram Fig.8 the polarization amplitudes (17) are
Thus only eight amplitudes out of sixteen are nonzero:
We can get total helicity amplitudes (18) summing corresponding terms from each diagram:
To compute the cross section, we must square matrix elements (27), (28), (29) and then average over the symmetries of the initial bosons and sum over the symmetries of the final tensor gauge bosons. This gives
(124 − 23 cos 2θ + 3 cos 4θ),
(61 − 32 cos 2θ + 3 cos 4θ),
where the invariant operator C 2 is defined by the equation t a t a = C 2 1. We can calculate now the leading-order polarized cross sections for the tensor gauge boson production V +
Helicity cross-sections. Plugging matrix elements (30), (31), (32), into our general crosssection formula in the center-of-mass frame (13) yields:
where α = g 2 4π
.
Unpolarized cross section. Adding up all sixteen helicity amplitudes and dividing the result by four in order to average over the initial boson spins we can get unpolarized cross section.
Thus summing over helicities
419 − 76 cos 2θ + 9 cos 4θ (36)
for unpolarized cross section we shall get
419 − 76 cos 2θ + 9 cos 4θ 512 dΩ,
where for the SU(N) group we have
. The production cross section of tensor gauge bosons (37) has characteristic behavior with its maximum at θ = π/2 and decrease for small angles.
This cross section should be compared with the analogous cross section in QCD. Indeed, let us compare this result with the gluon-gluon scattering [9] . The V + V → V + V cross section is dσ = α 
This cross section increases at small angles θ ∼ 0, π and therefore the scattering is mostly going into forward and backward directions and has its minimum in transverse direction at θ = π/2. The production cross section of spin-two gauge bosons (37) shows dramatically different behavior with its maximum in the transverse direction at θ = π/2 and decrease in forward and backward directions. One can only speculate that at high enough energies, may be at LHC energies, we may observe the standard spin-one gauge boson together with its new partner, spin-two gauge boson.
Appendix A
Here we shall review the well known result for the three-level gluon scattering V + V → V + V [9] in order to compare it with the tensor scattering considered above: V + V → 6 Appendix B
To check on mass-shell gauge invariance of the amplitude (18) let one of the tensor gauge boson wave function be longitudinal:
For the total amplitude we shall get
and it nullifies if
or, equivalently: M 1 + M 2 + 2M 4 = 0, M 1 − M 2 + 2M 3 = 0. Using explicit expressions (49) one can check that these equations are identically satisfied for arbitrary functions ξ 1 , ξ 2 , ξ 3 .
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